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Instrument and measurements



Instrument and Measurements

= 4STAR — Spectrometer for Sky-Scanning, Sun-Tracking
B\~ Atmospheric Research

* Measures direct sun irradiance and sky radiances
(including zenith)

e Spectral range: between ~350 nm and ~1700 nm
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* Many operating modes
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Remote sensors based on reflected and
transmitted light
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Theory and summary of new retrieval



Radiative transfer theory

Reflection (eMAS, RSP, SSFR)
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\sfer theory

Reflection (eMAS, RSP, SSFR)
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Zenith radiances under clouds show different
spectral shapes depending on cloud properties

x 4STAR Measurement
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Case study of Flight on September 13t", 2013
“Hurricane Ingrid”



A case study of clouds near tropical storm
Ingrid in the Gulf of Mexico

MODIS - AQUA Cloud optical Thickness

MODIS AOUA CIoud effectlve radlus
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Comparing sampling area of the different
remote sensors

eMAS Cloud optical thickness

Field-Of-View comparison

21.54
22.0 i
21.53 | -
42
el 21.52 | -
136
2151 ) ,
o 21.6 © a 120
3 = 21.50
= =R ¥ 124
5 g
2.4}
21.49 | 118
Ll 21.48 12
) —  ER2flight path 21.47 | 6
21.0 - - — DC8 flight path \ 0
21.3

—946 —944 —942 —-940 —93.8 —93.6 —934 —94.02 —94.00 —93.98 —9396 —93.94
| onaitude | onaitude



Horizontal variations of cloud properties due

to differences in Field-of-View

Variability of 7 in each Field-of-View
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Reflectance-based remote sensors see a
different part of the cloud than 4STAR
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Comparing cloud retrievals from transmitted

and reflected light

Optical Thickness histogram
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Approximate vertical sampling of different

measurements
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Using retrieved cloud properties to model
below-cloud shortwave radiative effect

Radiative ef fect = Net irradiancecioy,qy — Net irradiance jeqy

Modeled irradiances based on average retrieved properties
for wavelengths 350 nm — 1700 nm
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Summary

* Clouds modulate transmitted light in a spectrally dependent manner

* 4STAR uses measurements of spectral shapes of transmitted light to
retrieve cloud optical depth, cloud particle effective radius, and
thermodynamic phase.

* Using transmitted light gives a different sampling volume, which may be
more representative of the entire cloud layer and more relevant to surface
energy budget considerations

* By estimating cloud radiative effect below cloud, transmitted light based
retrievals result in 54.5 —113.0 W/m? less radiative effect for one case
study. Within variability of measurement based estimates.
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Parameters are defined to quantify the spectral
shapes — basis of new retrieval method
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Spectral shapes are sensitive to Cloud optical depth,
effective radius, and thermodynamic phase
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Spectral shapes are sensitive to Cloud optical depth,

effective radius,-and therm
adiance peaks for

Nomalized radlance
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Instrument and Measurements

SEACA4RS - Studies of Emissions and Atmospheric Composition, Clouds
and Climate Coupling by Regional Surveys:

August — October 2013
Based out of Houston, TX




4STAR cloud retrievals during TCAP
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